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ABSTRACT 
EFFECTS OF FORESTED BUFFERS AND WETLAND CHARACTERISTICS ON 
VERNAL POOL MACROINVERTEBRATE ASSEMBLAGES 
by 
Joanne Evelyn Theriault 
University of New Hampshire, December, 2008 
From 2005-2007,1 sampled macroinvertebrates at 10 vernal pools to determine 
the effects of forested buffer treatments (30-m or 100-m). I grouped taxa into three 
subgroups: taxa enumerated and identified to genus (Trichopterans, Anisopterans, 
Coleopterans, and Hemipterans); taxa identified to family and documented as present or 
absent; and predatory taxa (enumerated and identified to genus). I measured 
hydroperiod, surface area, pH, conductivity, substrate cover, canopy cover, and annual 
and seasonal variability and used Non-Metric Multidimensional Scaling (NMS) to 
examine effects on composition. Finally, I analyzed NMS scores using Linear Mixed 
Models. Buffer treatments explained a significant amount of variation in the 
presence/absence subgroup. Hydroperiod affected composition, richness and diversity. 
Substrate affected composition, and canopy cover had an inverse relationship with 
evenness. Seasonal succession also explained variation in genus composition. Although 
upland logging significantly affects invertebrate composition, hydroperiod appears to be 




Temporary wetlands, also known as vernal pools, are productive faunal habitats. 
These pools support complex communities of predaceous macroinvertebrates as a result 
of their unique physical and ecological attributes. Previous research on vernal pools has 
examined gradients of wetland characteristics and their effects on invertebrates, but few 
studies have explored the impacts of upland disturbance. 
The upland habitat surrounding temporary pools provides non-breeding habitat 
for many taxa. Coleopterans, Odonates, and Limnephilids either feed in upland habitat or 
migrate between vernal pools and aquatic breeding sites (Colburn 2004; Larson et al. 
2000; Kenney and Burne 2000; Wiggins 1996; Needham et al. 2000; Merritt and 
Cummins 1996). Changes to upland habitat may affect macroinvertebrate use and affect 
the biological and physical characteristics of vernal pools. For example, clearcutting can 
increase wind exposure and cause flying insects to gather in forested buffers to use them 
as windbreaks (Whittaker et al. 2000). Additionally, increased run-off and erosion can 
affect sediment and debris deposits in vernal pools (Fuchs et al 2003). Changes in 
canopy cover can increase direct sunlight reaching a pool thereby altering water 
temperature (Gomi et al. 2006). Such changes affect suitability of wetland sites for larval 
development (Kiffhey et al. 2003; Nilsson and Svensson 1995). This study will focus on 
the impacts of clear-cuts on macroinvertebrates that use vernal pools and the extent to 
which forested buffers diminish these impacts. 
Previous research has not addressed the effects of forested buffers on insects 
inhabiting temporary pools; however, some studies have examined the impacts of 
clearcutting without buffers. Abundances of the families Culicidae (Batzer et al. 2005; 
Nilsson and Svensson 1995) and Dytiscidae (Nilsson and Svensson 1995) can be 
significantly higher in forested pools than in pools completely surrounded by clearcuts. 
Other insect families either benefit or are negatively affected, but overall species 
composition changes significantly after a clearcut (Batzer et al. 2005). Patch-retention 
has also been studied as a potential management strategy for timber harvest near 
temporary forested pools, and it can partially alleviate the macroinvertebrate assemblage 
alterations caused by forestry (Batzer et al. 2005). 
Because many macroinvertebrates use temporary pools primarily for breeding and 
larval development, some macroinvertebrate assemblages may be altered when changes 
in upland habitat affect terrestrial activities. For example, dragonflies use upland habitat 
surrounding a wetland extensively for both feeding and dispersal (Bried and Ervin 2006). 
Dytiscid beetles, important predators in wetland systems, migrate through upland habitat 
from permanent aquatic habitats (Colburn 2004), and colonize vernal pools in clearcut 
areas at higher rates than pools in forested areas (Nilsson and Svensson 1995). 
More research on the effects of forestry on macroinvertebrates has been 
conducted in stream systems than in wetlands. In one study, macroinvertebrate 
assemblages were not significantly affected by the removal of 29% of forest basal area. 
However, at streams where 42% of the basal area was removed, deposits of fine 
particulate matter increased in the streambed. Shifts of macroinvertebrate composition 
were found, including an increase in gatherer taxa (Kreutzweiser et al. 2005). Shredder 
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taxa abundance can also increase after clearcutting next to a stream, and scraper taxa 
abundance can decrease (Stone and Wallace 1998). Changes in insect feeding guilds can 
still be detectable 16 years post-cutting (Stone and Wallace 1998). 
Experimental forested buffer manipulations have also been evaluated in stream 
habitats. The biomass of the family Chironomidae can differ significantly between 
clearcut and buffered streams (Kiffney et al. 2003). A clearcut stream can be 2°-8°C 
warmer than a buffered stream in the summer (Gomi et al. 2006), and temperature 
accounts for a substantial amount of variation in insects of the family Chironomidae 
between buffered and non-buffered streams (Kifmey et al. 2003). Increased illumination 
often increases primary productivity at recently logged streams, thereby increasing 
invertebrate biomass (Fuchs et al. 2003). 
Percentage of canopy cover at a wetland can impact habitat selection by 
individuals (Nilsson and Svensson 1995; Binckley and Resetarits 2007). 
Macroinvertebrates, including Trichopterans and Coleopterans, show significant 
preference for open-canopy habitats (Nilsson and Svensson 1995; Binckley and 
Resetarits 2007). Species richness of invertebrates is often inversely related to overstory 
canopy cover (Binckley and Resetarits 2007; Batzer et al. 2004). 
Although macroinvertebrate species appear to preferentially oviposit in wetlands 
with open canopies, it is unclear at what distance logging ceases to impact the openness 
of a pool, and therefore, habitat selection. In addition, aquatic habitats vary in other ways 
which may impact habitat suitability. 
Hydroperiod, the timing and length of time an aquatic site holds water, is an 
important factor affecting habitat suitability for macroinvertebrates. Vernal pools with 
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short hydroperiods support species with desiccation resistance strategies or species that 
can complete their development before the pool dries. The duration of pool inundation is 
likely the most important factor regulating the presence and density of 
macro invertebrates (Batzer and Wissinger 1996). As hydroperiod increases, less 
specialization is required by a species to successfully live and breed. Generalist aquatic 
insects such as Odonates and Backswimmers (Hemiptera: Notonectidae) are more often 
found in long hydroperiod pools (Batzer and Wissinger 1996). In short hydroperiod 
vernal pools, species that would be out-competed or succumb to predation in semi-
permanent habitats use specialized adaptations to survive the dry parts of the year 
(Wellborn et al. 1996). These strategies can include a planned period of desiccation-
resistant diapause, migration to permanent waters, and development timed to be 
completed by the time the pool dries (Williams 1996, Colburn 2004, Batzer and 
Wissinger 1996). 
Several studies have shown that species richness increases with hydroperiod (Tarr 
et al. 2005; Brooks 2000; Batzer et al. 2004). Chironomids and culicids, which often 
dominate samples in terms of abundance and biomass (Brooks et al. 2004; Lillie 2003), 
vary predictably with hydroperiod and have been used along with fairy shrimp, mayflies, 
and scuds to predict the hydroperiods of pools (Lillie 2003). 
Changes in insect assemblages across a hydroperiod gradient may be partially 
attributed to changes in predator species composition in long hydroperiod pools. The 
largest of the predaceous invertebrates found in vernal pools tend to be habitat generalists 
with few desiccation resistance strategies (Colburn 2004). As the hydroperiod of a vernal 
pool increases, a "predator transition" occurs in which large invertebrates such as larval 
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dragonflies become top-level predators (Wellborn et al. 1996). Permanent aquatic 
habitats support fish and other vertebrate predators, which displace the large, top-level 
predators of temporary habitats. Invertebrates in habitats with fish, therefore, tend to be 
small-bodied and inactive (Wellborn et al. 1996). Although generalist tendencies of 
predators are part of the reason for this transition, large and moderately active prey also 
become more abundant in semi-permanent, Ashless habitats (Wellborn et al. 1996). 
Developing in a long hydroperiod pool may also offer a nutritional advantage for 
shredding taxa such as the caddisfly, Nemotaulius hostilis, which has a feeding 
preference for long hydroperiod leaf litter (Inkley et al. 2008). 
Several additional mechanisms have also been proposed to explain successional 
changes of invertebrates in vernal pools. Increases in richness and changes in 
composition can be detected in a pool over the course of the breeding season (Miller et al. 
2008). Richness is lowest during water filling or snowmelt when detritivores that can 
tolerate low water temperatures are the dominant taxa (Higgins and Merritt 1999; Culioli 
et al. 2006). Richness is highest in the mid-summer just before the pool dries (Culioli et 
al. 2006; Higgins and Merritt 1999). Because predators generally overwinter in 
permanent waters and move to temporary pools later, their numbers gradually increase 
over the course of the breeding season (Higgins and Merritt 1999). 
Another possible reason for within-year species succession is the change in area 
of a pool over the course of the summer. This change in area has also been proposed as a 
primary driver for species succession over the breeding season, because as area and depth 
decrease, pools become vulnerable to invasion by predatory terrestrial fauna (Williams 
1996). The resulting positive relationship between area and richness has led some 
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researchers to apply the Theory of Island Biogeography to seasonal pools (MacArthur 
and Wilson 1967; Brooks 2000; Angeler and Alvarez-Cabelas 2005). However, some 
studies have shown no relationship between species richness and pond surface area 
(Batzer et al. 2004). 
Water chemistry also varies among vernal pools. Studies have shown that pH 
variation can be related to hydroperiod (Tarr et al. 2005), primary productivity (Williams 
1996; Theel et al. 2008), and pond depth (Culioli 2006). However, pH alone is unlikely 
to have a significant impact on insect assemblages (Batzer and Wissinger 1996). Studies 
have shown that predaceous insect assemblages do not differ relative to pH (Brooks et al. 
2002). Vernal pool insects such as the caddisfly larva, Ptilostomis postica, and larval 
damselflies have shown no reduction in fitness in experimental manipulations of pH from 
4 to 7 (Rowe et al. 1994; Gorham and Vodopich 1992). 
Dominant substrate type may influence insect assemblages as well. The presence 
of Sphagnum moss as part of the substrate significantly increases the abundances of the 
families Chironomidae, Odonata, and Trichoptera in littoral habitats (Henrikson 1993). 
Differing substrate types may trigger varying bottom-up trophic interactions affecting the 
colonization and survival of predaceous insects (Batzer and Wissinger 1996; Higgins and 
Merritt 1999). For example, deciduous leaf litter-dominated pools provide enriched 
surfaces for early invertebrates immediately following spring inundation (Higgins and 
Merritt 1999). These early hatching organisms, such as mosquito and midge larvae, can 
provide an appropriately sized food source small enough for early instar predators when 
they hatch or migrate to the pool (Higgins and Merritt 1999). 
Substrate variation, and the resulting changes in available microhabitat, can be 
dictated by several factors. Substrate type and depth can be directly related to the 
hydroperiod of a vernal pool. The organic matter in the substrate of a pool, mostly in the 
form of fallen leaves and needles, becomes oxidized and broken down when it is exposed 
to air for several months of the year (Colburn 2004). Perennially flooded substrates are 
exposed to less oxygen and fewer decomposers, so they can build up into deposits several 
meters deep (Colburn 2004). Some shredder taxa have shown a preference for the leaf 
litter in long hydroperiod pools, because they contained higher biomass of fungus and 
bacteria (Inkley et al. 2008). Human activity also impacts the sediments of vernal pools. 
Adjacent roads, development, and cutting often cause muddy substrates as a result of 
runoff. These pools also tend to have higher algal growth, more mineral deposits, and 
less coarse organic debris (Colburn 2004). 
The availability of leaf litter in an aquatic habitat can impact the growth rates, 
biomass, and composition of macro invertebrate assemblages. In stream habitats, 
macro invertebrate composition differed among reaches with living terrestrial plants, 
organic mud and coarse particulate organic matter, and mineral substrates (Jahnig and 
Lorenz 2008). In leaf litter exclusion experiments in streams, invertebrate abundance and 
biomass decreased (Wallace 1997), and as a result, the amphibian predator species, 
Eurycea wilderae, had decreased in growth rates, density, and biomass (Johnson and 
Wallace 2005). In temporary forested ponds, however, leaf litter exclusion benefited the 
assemblage in one pool and had a detrimental effect on the individuals in the other 
(Batzer and Palik 2007). Because detritus availability is less limiting than predation in 
temporary habitats (Batzer and Wissinger 1996), it is possible that predation interacts 
with litter exclusion to create different environments in different vernal pools. 
Vegetation provides microhabitat for predaceous insect populations and their 
prey. Its presence or absence is usually dictated by the overstory cover and light 
availability of a pool (Colburn 2004). Vegetated areas provide cover and therefore 
reduce the efficiency of predators (Wellborn and Robinson 1987), but studies have shown 
increases in predator abundance and either similar or slightly denser assemblages of 
macroinvertebrates in habitats with abundant vegetation (Tarr and Babbitt 2002; Theel et 
al. 2008; DeSzalay and Resh 2000). However, different taxa are associated with 
different vegetative condiditons. Mosquitoes (Culicidae) are positively associated with 
increased vegetative cover, but water boatmen (Corixidae), midges (Chironomidae), and 
water scavenger beetles (Hydrophilidae) decrease in abundance as vegetation increases 
(DeSzalay and Resh 2000). 
Amphibians such as the wood frog (Lithobates sylvatica) and the spotted 
salamander {Ambystoma maculatum) depend on vernal pools as breeding habitat 
(Colburn 2004). Their larvae are also important prey for predaceous macroinvertebrates 
of vernal pools. Interactions between these taxa, in conjunction with the physical 
limiting factors of the habitat, may be important to the resulting assemblages of both 
invertebrates and amphibians found in vernal pools. The presence or absence of 
vertebrate and invertebrate predators in pools influences oviposition choices of 
amphibians (Rieger et al. 2004; Rubbo et al. 2006). In addition, amphibian larvae exhibit 
avoidance behaviors in the presence of predators, which can impact the efficiency with 
which they obtain food (Tejedo 1993; Petranka and Hayes 1998; Rubbo et al. 2006). 
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Several families of macro invertebrates in vernal pools fill predatory niches. 
Coleopterans in the families Dytiscidae, Gyrinidae, and Hydrophilidae, particularly in 
their larval stages, are voracious predators (Colburn 2004; Needham et al. 2000; Rubbo et 
al 2006; Rubbo et al 2006b; Tejedo 1993). The aquatic nymph stages of dragonflies 
(Odonata: Anisoptera) are also important predators of larval amphibians (Rubbo et al 
2006; Brodie and Formanowicz 1987; Relyea 2001; Petranka and Hayes 1998; Caldwell 
et al. 1980). Some species of Trichopterans prey upon the eggs (Richter 2000; Rubbo et 
al. 2006b) and the larvae (Rowe et al. 1994; Colburn 2004) of both frogs and 
salamanders. Predatory ecological niches are also filled in vernal pools by Hemipterans 
in the families Belostomatidae, Notonectidae, Nepidae, and in some Corixidae genera 
(Brodie and Formanowicz 1987; Relyea 2001; Cronin and Travis 1986; Kenney and 
Burne 2000; Slater and Baranowski 1978). Two of the three macro invertebrate groups I 
analyzed in this study contained high proportions of these predaceous taxa. 
Many of the potential environmental factors affecting vernal pool 
macro invertebrates have been examined extensively. However, upland modifications, 
which may impact these taxa both when they are using their aquatic habitats and when 
they are migrating or feeding in the surrounding uplands, require more thorough study. 
Because forested buffers have been proposed as a management tool for these aquatic 
habitats, it is important to have a thorough understanding of how the selection of buffer 
size and the alteration of upland habitat impact temporary forested pools. The purpose 
of this study was to measure impacts of forested buffer treatments on vernal pool 
macro invertebrates in areas with upland clearcuts. My objectives were as follows: 
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1. Determine whether the widths of upland forested buffers around vernal pools 
affect the composition, density, richness, evenness and diversity of 
macro invertebrates using vernal pools. To compare these effects among the entire 
invertebrate assemblage and two primarily predatory subsets. 
2. Determine whether the composition, density, richness, evenness and diversity of 
aquatic insects are associated with chemical and physical features of vernal pools, 
and to compare these effects among the entire invertebrate assemblage and two 
primarily predatory subsets. 
3. Determine which factors most influence the composition, density, richness, 
evenness and diversity of macro invertebrates in vernal pools and their potential 
effects on amphibian breeding populations. 
Based on my literature search, I predicted the following results: 
1. Overall macroinvertebrate composition, richness, evenness and diversity would 
not differ significantly between pools with 30-meter buffers, pools with 100-
meter buffers, and reference sites. 
2. Species richness and abundance of insect predators would have a positive 
relationship with hydroperiod. 
3. pH would not significantly impact insect richness or abundance. 
4. Availability of leaf litter would have a positive relationship with species richness 
and abundance and significantly impact species composition 
5. Species richness and abundance of insect assemblages would have a positive 
relationship with pool area. 
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6. Species richness and abundance of insects would have a negative relationship 
with percentage of canopy cover. 
Study Organisms 
Caddisflies (Trichoptera). The larvae of caddisflies occur in most freshwater 
habitats including temporary, lentic water bodies (Merritt and Cummins 1996). These 
insects are most well-known for the cases they build from vegetation and other substrate 
materials in the larval stage. Caddisfly cases act as a protective, outer covering for the 
larvae, which have soft, membranous abdomens (Kenney and Burne 2000). In addition, 
the cases provide camouflage, ballast, and water current to help oxygenate the gills of the 
larvae in low-dissolved oxygen waters such as vernal pools (Kenney and Burne 2000). 
Larval caddisfly cases can be categorized into five forms: free-living or no case, saddle-
case, purse-case, net-spinners, and tube-case makers. The two most common families of 
caddisflies found in temporary waters, Limnephilidae and Phryganeidae, are tube-case 
makers. 
Caddisflies of the family Limnephilidae have a wider habitat range than any of 
the other caddisfly families (Wiggins 1996). Although the species of this family display 
a variety of feeding behaviors, they most commonly use their toothed mandibles to gather 
and digest detritus. Many species, such as Limnephilus indivisus, are omnivorous. The 
case of L. indivisus is usually made of plant material stacked to look similar to a log 
cabin. This species is particularly suited to the cycles of temporary pools, because it is 
capable of undergoing a period of diapause during the egg stage (Colburn 2004). This 
diapause coincides with the dry period of a vernal pool (Wiggins 1996). 
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The other most common family of caddisfly found in temporary aquatic habitats 
is Phryganeidae. The genera of this family found in such habitats are usually 
predaceous, and they feed extensively on amphibian eggs (Rowe et al. 1994). 
Phryganeids are large-sized and have a characteristically yellow head with dark stripes 
(Wiggins 1998). Their cases are made of long strands of vegetation arranged to make a 
tube around the larva. 
Dragonflies (Anisoptera: Odonata). The larval stage of the Odonata, known as 
a naiad, is aquatic and preys upon amphibian tadpoles in temporary aquatic habitats 
(Rubbo et al 2006; Brodie and Formanowicz 1987; Relyea 2001; Petranka and Hayes 
1998; Caldwell et al. 1980). Dragonfly naiads possess a unique labium which helps them 
to capture prey effectively. This structure can be extracted and thrust in the direction of 
prey in approximately 15-20 milliseconds (Pritchard 1964). During this motion, it closes 
its anal siphon to direct all blood pressure forward for the thrust (Pritchard 1964). 
Odonata are opportunistic breeders, and they oviposit in a variety of habitats. The 
species adapted for the hydroperiod of the pool in which they oviposited will survive to 
emerge (Colburn 2004). Meadowhawks (Sympetrum sp.) demonstrate an egg desiccation 
resistance strategy and are therefore able to reproduce effectively in short hydroperiod 
pools. Larvae hatch in the spring upon pool inundation and when the day-length is 
appropriate and emerge before the pool dries (Colburn 2004). Most other dragonflies 
including the genera Leucorrhinia, Libellula, and several genera in the Family Aeshnidae 
are colonizers. They disperse from other aquatic habitats and indiscriminately oviposit. 
Most emergences in these genera occur in long hydroperiod and semi-permanent pools 
(Colburn 2004, Tarr et al. 2005). 
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Predaceous Diving Beetle Larvae (Coleoptera: Dytiscidae). Aquatic 
Coleopterans are among the most species rich taxa in seasonally inundated pools 
(Colburn 2004). The family Dytiscidae contains many genera that prey effectively on 
amphibian larvae (Colburn 2004; Needham et al. 2000; Rubbo et al. 2006; Rubbo et al. 
2006b; Tejedo 1993). They have diverse life histories, but usually undergo an egg stage, 
three larval instars, and emerge as adults (Larson et al. 2000). Although there is 
significant variation, many adults overwinter in permanent waters, migrate to vernal 
pools, then mate and oviposit in the spring. In these species, new adults generally emerge 
by mid to late summer. Adults breathe air by keeping an air bubble under their elytra and 
intermittently breaching the surface of the water to refill it (Larson et al. 2000). Larvae 
also breathe air, but they use their internal tracheal trunks as air reservoirs (Larson et al. 
2000). 
The larvae of Dytiscid beetles, common in New England vernal pools, are 
voracious and effective predators. These larvae will prey upon most living things in the 
pool including larval amphibians, Crustacea, and other insects (Colburn 2004). They 
capture prey by acquiring tactile cues and striking with their enlarged mandibles. 
Dytiscid beetles are particularly effective predators of Lithobates sylvatica tadpoles 
(Rubbo et al. 2006b). In many species, the adult stage is also predatory, but they tend to 
be less effective (Larson et al. 2000). In the family Hydrophilidae, another common 
resident of temporary pools, the larvae are predaceous, but the adults feed chiefly on 
algae and detritus (Colburn 2004). 
True Bugs (Hemiptera). Generally speaking, true bugs can be identified as 
insects with a segmented, anterior beak and wings that lie flat against the back with basal 
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half significantly larger (Slater and Baranowski 1978). Several species of true bug often 
found in temporary pools are the water scorpions (Nepidae), the backswimmers 
(Notonectidae), and the giant water bugs (Belostomatidae). All of these species are 
active predators. 
Water scorpions generally cling to sticks in pools, and they wait for prey to pass 
by. They use their modified femorae and tibiae to seize insects, small fish, and tadpoles 
(Slater and Baranowski 1978). Backswimmers, as their name suggests, swim with the 
ventral side facing up and are also effective predators. In addition, giant water bugs 
(Belostomatidae) are quite voracious with enlarged front legs used for grabbing (Slater 
and Baranowski 1978). They prey upon insects, small fish, and tadpoles. 
Life cycles of the hemipterans relevant to this study are similar. Generally, adults 
overwinter in permanent waters and migrate to vernal pools to breed and feed in the 
spring (Colburn 2004). These species require breeding habitats that remain inundated 





This study took place in a forested region of central Maine spanning between the 
towns of Milford, Eddington, and Beddington. The study site is actively logged, owned 
by International Paper, and managed by Sustainable Forest Technologies. Forests range 
from hemlock (Tsuga canadensis)-dominated northern hardwoods to red-spruce (Picea 
rubens) and balsam fir {Abies balsamed) at higher elevations (Veysey 2005). The 
landscape is rolling with frequent elevation variation, and abundant rivers, streams and 
vernal pools. In addition, the land contains numerous access roads. 
This study consists of 10 vernal pools. The pools are each approximately 0.2 
hectares (Veysey 2005), and their hydroperiods vary by sample site and by year. No fish 
have been observed in any of the pools. 
Study treatments were implemented between September 2003 and March 2004 by 
International Paper. The 10 vernal pools have one of three possible experimental 
treatments. Reference wetlands (n=2) have at least a 1000-meter radius of undisturbed 
forest surrounding the pool on all sides. Logging treatments consist of 100-meter wide 
circular clearcuts surrounding either 30-meter forested buffers (n=4) or 100-meter 
forested buffers (n=4) immediately surrounding the vernal pools. Although there were 
originally three reference ponds, one was removed from this study due to its extremely 
silty substrate and concern that high levels of disturbance from sampling would create 
biased results and have negative impacts on amphibian larvae. 
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The treatments at these project sites were originally implemented for the purpose 
of monitoring amphibian activity and investigating the effects of forested buffers on their 
upland and breeding activities. In order to document all amphibian movements in and 
out of the pools, each study site has been encircled by staked silt-fence that is placed 
approximately 5 meters from the high-water line and buried in the ground. The fence is 
88 centimeters tall and stands at about 78 centimeters with 10 centimeters buried. 
Approximately every 10 meters along the fence, one pitfall trap is buried on each side of 
the fence to catch animals moving into and out of the pool. The pitfall traps are made 
from two stacked number 8 cans. The traps are 15 centimeters in diameter and 34 
centimeters deep. Throughout the spring and summer, traps are checked and amphibians 
are counted every two days during peak movement periods (April-May, July) and less 
frequently during slower periods and cooler, wetter weather (June, August-October). 
Although the amphibian data collected at these sites are outside of the scope of this 
project, the data I collected on insect assemblages within the pools will be used in the 
broader context of evaluating the effects of buffer treatments on amphibian populations. 
Field Collection Methods 
Macroinvertebrates were sampled during the years 2005-2007. Once every month 
between April and October, a sample of the insect assemblage was taken from each site 
that was still inundated. The sampling generally occurred during the last week of each 
month, so each pool was sampled approximately every 4 weeks. I collected insects using 
a 45cm x 25cm dipnet (mesh size = 0.5 mm) by sweeping at the substrate in a chopping 
motion in a lm x lm square. At each study site, 10-15 samples were taken haphazardly, 
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attempting to incorporate all microhabitats present in the pool. The samples were then 
combined and immediately preserved in ethanol to be counted and identified in the 
laboratory. If the pool was nearly dry, the maximum possible number of samples was 
taken while leaving 2-3 meters between sampling locations. 
Physical characteristics were also measured at each sampling site. To track 
hydroperiod, the number of days between spring thaw and pool drying was recorded each 
year. Pools were considered dry on the first day they were observed without any water in 
their basin. A depth gauge was also installed at the deepest point in each vernal pool, and 
readings of depth were taken approximately every 2-4 weeks while each pool remained 
inundated. 
Water chemistry measurements were taken approximately once each month at 
each study site while they held water. Measurements of pH and conductivity were taken 
10-15 cm below the water surface and 0.5 meters from shore with an Orion Model 230A 
pH meter. Chemistry measurements were only taken after >48 hours had passed since 
the last significant precipitation. Because these measurements did not correspond 
temporally with insect samples, mean annual chemistry measurements were used in the 
final analysis. 
I measured substrate and canopy cover during July and August, 2007. I randomly 
placed transects at each pool and estimated the percentage of each category of substrate 
that was directly under the transect line at each meter interval. Categories for substrate 
included, but were not limited to, leaf litter, grass, moss, silt, woody vegetation, stump, 
rock, and fallen twig cover (for full list, see Appendix B). While standing at the 0.5 
17 
meter mark for each meter, I also estimated the percent canopy cover by eye looking 
upward through a cardboard cylinder. 
The number of substrate/canopy transects was determined for each pond by its 
size, and no transect was less than 2 meters from another. To ensure that an adequate 
proportion of each pond was evaluated, 1 created a rarefaction curve with the results from 
the first wetland. I then determined the necessary number of transects at each 
subsequent pond based on their proportional sizes. 
The data from each wetland were used to calculate an overall percentage of each 
substrate category at each pool, and pools with related substrate types were grouped into 
classes. Because most substrate categories were correlated with the percentage of leaf 
litter, the eventual substrate classes were based primarily on that percentage. Appendix B 
shows the characteristics of each substrate class. 
Measurements of area were also estimated for each sample site. Between 2005 
and 2006, a Trimble GPS unit was used to record the outer edge of each pool at the mid 
high-water mark. Using the measuring tool in the GPS Pathfinder Office application, I 
measured the area of each pool in meters squared. Measuring area using this method 
provided me with information about pool basin size but not about seasonal area changes. 
Insect Identification 
Insects from field samples were identified in the laboratory using a LW Scientific 
microscope, Model D03-1640 with a maximum of 4.5x zoom. Because this study 
mainly focuses on predaceous species, and the sampling method I used limited the taxa 
for which I could reliably measure abundance (e.g. dipnetting is not effective for 
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accurately sampling abundance of small invertebrates), I focused my identification effort 
on the Orders Trichoptera, Odonata (Anisoptera), Coleoptera, and Hemiptera. Specimens 
in these orders were identified to genus and quantified within samples to determine 
individuals per sweep. All other taxa were identified to family when possible and 
documented as present/absent from each sample. Several groups could not readily be 
identified to family, so they were analyzed at the lowest taxa to which I could easily 
identify them. These taxa were Order Acariformes, Phylum Annelida, Order 
Ephemeroptera, Class Hirudinea, and Class Ostracoda. The subfamily Zygoptera within 
the Family Odonata was also treated as a family, because the Anisopterans were 
identified to genus, and I needed to differentiate between them. Specimens from the 
family Culicidae were excluded from my analysis, because they could not be reliably 
sorted from substrate and leaf litter in the field. In addition, I excluded from the analysis 
24 specimens which were not identifiable below order. 
Identification of focus taxa was carried out with taxa-specific keys (Needham et 
al. 2000; Wiggins 1996; Larson et al. 2000; Merritt and Cummins 1996; Slater and 
Baranowski 1978). The remaining non-predaceous insects were identified either by sight 
or with help from Kenney and Burne (2000) and Voshell (2003). 
Statistical Analysis 
To evaluate the impacts of the buffer treatments as well as hydroperiod, area, pH, 
conductivity, canopy cover, substrate class, month, and year, I evaluated three groupings 
of organisms separately. First, I performed the analysis on the presence/absence data 
which included all insects collected in my samples identified to family groups (referred to 
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as group Presence/Absence). Secondly, I performed ray analyses on the group of all 
insects that were large enough to effectively measure abundance within my samples 
(Orders Coleoptera, Odonata (Anisoptera), Hemiptera, and Trichoptera). I identified 
these specimens to genus, and they will be referred to as the group AllAbundance. 
Finally, I analyzed the group of genera from my samples which are predaceous on 
amphibian larva or embryos (group PredatorOnly). This group was created using 
information from Merritt and Cummins (1996) and Colburn (2004) (see Appendix A for 
full list of genera). 
To analyze the data in these groups, I examined richness, evenness, diversity and 
composition among samples. Richness is a measure of the number of species in a 
sample, and evenness is an index indicating the relative abundances of these species. 
Diversity accounts for both richness and evenness. Composition is a measure of 
similarity among samples based on the presence, absence, and relative abundance of 
individual species. Patterns that would be overlooked when analyzing richness, evenness 
and diversity can be detected in a composition analysis. 
Composition. For genus composition, I conducted an NMS analysis with PC-
ORD Version 4 (MjM Software Design, Gleneden Beach). NMS is an ordination method 
used to group samples along axes based on their similarity. Axis scores can then be used 
in parametric tests to model potential sources of their variation. I used Sorenson 
Distances, and all data were log (x +1) transformed to account for high variability. In 
addition, genera present in fewer than 4% of samples were removed from the analysis as 
recommended by McCune and Grace (2002). For group AllAbundance, after rare species 
were removed, there were a total of 39 genera and 90 samples analyzed. PredatorOnly 
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had a total of 32 genera and 90 samples analyzed. Presence/Absence was analyzed by 
family groups, and where a measure of density was used in the other two groups, I placed 
either a 0 or 1 in the matrix to represent the presence or absence of the family at each 
sample site. In Presence/Absence, 30 family groups in 90 samples were analyzed. 
With each data group, I first ran an NMS ordination with PC-Ord using the auto-
pilot mode. For each of my data groups, three axes were appropriate to account for the 
variability in the data. Next, for each group, I ran a manual ordination using the scores 
from the autopilot ordination as a starting point to achieve the optimum stability and also 
to account for the possibility that my first scores could have been due to local minima. I 
performed the final manual runs with Sorenson distances, 3 axes, 10 runs with real data, 
and 100 iterations to achieve stability. The resulting ordination scores were used for 
hypothesis testing. 
My NMS ordination scores were next tested for significance in a linear mixed 
model with repeated measures. However, to simplify the modeling process, I first used 
some basic tests to determine which factors were least likely to be significantly related to 
species composition. For categorical or ordinal environmental categories (buffer size, 
month, year, substrate class, and individual wetland), I used non-parametric Kruskall-
Wallis tests to compare the scores and look for significant differences between 
categories. These tests were performed in SPSS 15.0, and I determined significance 
using a critical value of 0.05. For continuous variables (hydroperiod, percent canopy 
cover, pH, conductivity, and area), I used values of Kendall's tau as measures of linearity 
of the NMS scores. After these initial tests, the variables pH, conductivity, and area 
21 
showed no significant differences or linearity across any ordination axis in any data 
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With the remaining variables, month, year, buffer treatment, hydroperiod, 
substrate and canopy cover, I ran linear mixed models (LMM) using SPSS Version 15.0 
on the ordination scores for each axis (axes 1-3) in each data group (Presence/Absence, 
AllAbundance, PredatorOnly) resulting in a total of nine LMM runs. The purpose of 
these models was to identify the variables which accounted for the most variation in the 
data among samples. To account for the longitudinal nature of my data, I created 
repeated measures models using the variable "wetland" as my subject and a variable with 
the format "MMM YYYY" as a unique identifier for each monthly group of samples. 
Because most of the sample pools in this study dried up between June and July each year, 
I removed the data from August, September, and October from the analysis. Only two 
study sites ever held water into autumn, and comparing those two pools alone in later 
months to the rest of the pools in the spring and early summer would likely have created 
biased results. This was of particular concern because SPSS selects the last listed 
category for each variable, calls it redundant and uses it as a reference to which the other 
categories can be compared. 
The first time I ran each model in SPSS, I included the following factors: wetland 
(random factor), buffer size, month, year, substrate class, % canopy cover, and 
hydroperiod. After evaluating the results of the model, 1 removed one factor at a time, in 
order by ascending significance, and ran the model again. I continued removing factors 
until all factors in the model were significant with a critical value of 0.05. For my final 
model, I selected the previous run with the best goodness of fit values (lowest AIC 
value). 
Richness. For each data group (Presence/Absence, AHAbundance, 
PredatorOnly), I calculated the richness within each insect sample. For group Pres/Abs, I 
found the sum of the number of family groups. For AllAbundance and PredatorOnly, I 
summed the number of genera in each sample. All genera or family groups that occurred 
in fewer than 4% of samples were removed from analysis. In addition, the samples from 
August, September, and October were removed from the analysis. 
I ran Linear Mixed Models on the richness numbers from each group for a total of 
three LMM runs. I created repeated measures models using the variable "wetland" as my 
subject and a variable with the format "MMM YYYY" as a unique identifier for each 
monthly group of samples. The first time I ran each model in SPSS, I included the 
following factors: wetland (random factor), buffer size, month, year, substrate class, % 
canopy cover, and hydroperiod. After evaluating the results of the model, I removed one 
factor at a time, in order by descending significance, and ran the model again. I 
continued removing factors until all factors in the model were significant with a critical 
value of 0.05. For my final model, 1 selected the previous run with the best goodness of 
fit values (lowest AIC value). 
Diversity. For each applicable data group (AllAbundance, PredatorOnly), I 
calculated values of Fisher's alpha for diversity. The Presence/Absence data group could 
not be analyzed for diversity, because I did not have values of abundance for that group. 
Before calculating a diversity index, all genera that occurred in fewer than 4% of samples 
were removed from analysis. Fisher's alpha is calculated using the equation: 
S = a*ln(l+n/a) 
25 
In this equation, S = number of genera, n = number of individuals, and a = the 
alpha diversity measure. In order to calculate alpha values for my samples, I used the 
Microsoft Excel Add-in entitled "Diversity" (Steege et al. 2003). The resulting diversity 
values were skewed to the right. Therefore, I transformed the values with natural log to 
increase normallity ( Gotelli and Ellison 2004). In addition, all samples from August, 
September, and October were removed from the analysis. 
I ran Linear Mixed Models on the diversity values from each group for a total of 
two LMM runs. I created repeated measures models using the variable "wetland" as my 
subject and a variable with the format "MMM YYYY" as a unique identifier for each 
monthly group of samples. The first time I ran each model in SPSS, I included the 
following factors: wetland (random factor), buffer size, month, year, substrate class, % 
canopy cover, and hydroperiod. After evaluating the results of the model, I removed one 
factor at a time, in order by ascending significance, and ran the model again. I continued 
removing factors until all factors in the model were significant with a critical value of 
0.05. For my final model, I selected the previous run with the best goodness of fit values 
(lowest AIC value). 
Evenness. For each applicable data group (AlLAbundance, PredatorOnly), I 
calculated values of Pielou's J for Evenness. The Presence/Absence data group could not 
be analyzed for evenness, because I did not have values of abundance for that group. 
Before calculating the evenness index, all genera that occurred in fewer than 4% of 
samples were removed from analysis. Pielou's J is calculated using the following 
equations: 
Shannon-Weiner Index H' = - £ N.-/N In N./N 
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Pielou's Evenness J = H'/H, 
In these equations, N; = number of individuals for each genus in each sample, N = 
total number of individuals in that sample, and Hmax = the theoretical H' value if all 
genera in the sample were equally abundant. I calculated J values for each sample, but all 
samples from August, September, and October were removed from the analysis. 
I ran Linear Mixed Models on the evenness values from each group for a total of 
two LMM runs. I created repeated measures models using the variable "wetland" as my 
subject and a variable with the format "MMM YYYY" as a unique identifier for each 
monthly group of samples. The first time I ran each model in SPSS, I included the 
following factors: wetland (random factor), buffer size, month, year, substrate class, % 
canopy cover, and hydroperiod. After evaluating the results of the model, I removed one 
factor at a time, in order by ascending significance, and ran the model again. I continued 
removing factors until all factors in the model were significant with a critical value of 
0.05. For my final model, I selected the previous run with the best goodness of fit values 




In a total of 90 samples between the years 2005 and 2007, 4994 insect specimens 
from 18 families were collected and identified to genus. An additional 18 family groups 
were identified in the samples but were tracked as present or absent and not quantified. 
Within the quantified specimens, the most abundant genera were Limnephilus 
(Limnephilidae), Leucorrhinia (Libellulidae), Hesporocorixa (Corixidae), and Agabus 
(Hydrophilidae). The combined abundances of these genera totaled 71.4% of all insects 
collected. 
The above-listed genera were also the most frequently present in my samples. 
Hesperocorixa and Limnephilus were both present in 69 out of 90 samples (76.7%), 
Leucorrhinia was present in 39 samples (43.3%), and Agabus was in 36 samples (40%). 
In the Presence/Absence data set, the most frequently present families or taxonomic 
groups were Dytiscidae (83.3% of samples), Corixidae and Limnephilidae (82.2%), and 
Chaorbidae (73.3%) (Table 2). 
Insect densities varied widely among samples (Table 3). The highest total density 
was 28.1 insects per sweep at wetland 20 (30-meter forested buffer) in August, 2006, and 
the lowest was 0.3 insects per sweep at wetland 7 (30-meter forested buffer) in May, 
2005. The four highest density samples were all taken from wetland 20 in months later 
than June. However, the lowest density samples showed no noticeable pattern of location 
or time of year. 
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Table 2. Percentage of total samples 
in which each macroinvertebrate 
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After the genera appearing in fewer than 4% of samples were removed from the 
analysis, 22 of the 34 (64.7%) remaining genera were predaceous. In group 
Presence/Absence, only 14 of the 30 remaining families or taxonomic groups were 
predators (46.7%). The remaining genera consisted of algae-eating herbivores, 
detritivores, omnivores, filter-feeders and shredders. 
Wetland characteristics also varied among sampling sites (Table 4). Hydroperiod 
ranged from 78 days to 199 days (never dried during the April-November monitoring 
period) in 2005, from 83 days to 212 days (never dried during the April-November 
monitoring period) in 2006, and from 50 days to 152 days in 2007. Average conductivity 
during the three year study was 26.0 jxs, and average pH was 5.9. Percent canopy ranged 
from 23.6% to 66.6%, and the average canopy was 41.6%. The mean area of my study 
sites was 1454.5 m2 and ranged from 541 m2 to 2677 m2. 
Buffer treatment did not affect wetland physical characteristics. It had no impact 
on pH or hydroperiod values. In the LMM results for macro invertebrate composition, 
richness, diversity, and evenness, correlation values between buffer treatment and other 


















































































































































































































































































































































































































































































































































Figure 1. Mean pH between 2005-2007 by buffer treatment. 
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The NMS analysis of group AllAbundance had an instability value of 0.011 and 
final stress of 16.187. Although this is a high stress value for NMS by Clarke's 
standards (Clarke 1993), ecological community data sets usually have stress values 
between 10 and 20 (McCune and Grace 2002). Group Presence/Absence had an 
instability value of 0.006 with 18.011 for a stress value, and group PredatorOnly's 
instability and stress were 0.019 and 16.035 respectively. All three groups' variation was 
best described on three axes. 
In group AllAbundance, the three axes generated in the NMS analysis accounted 
cumulatively for 78.3% of the variation in the data. When ordination scores were 
analyzed using a linear mixed model (LMM) with repeated measures, buffer treatment 
was not a significant factor on any of the three ordination axes. Figure 3 shows the 
graphical depiction of the NMS scores with buffer treatment as the environmental 
overlay. Because there is little noticeable grouping within each treatment on any of the 
axes, samples that were placed closely to each other in ordination space based on their 
similarity generally did not share the same buffer treatment. Other factors, such as 
hydroperiod (Axis 1, p = 0.002) and substrate class (Axis 2, p = 0.026), accounted for 
much of the variation between samples (Table 5). 
Most important in this group, however, were the time variables. Axis scores 
among months were significant factors in the LMM for axes 1, 2, and 3 (p = 0.027, 0.000, 
and 0.002 respectively). Year was removed from the model for axis 3, but it was 
significant on axes 1 and 2. 
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Average densities of macro invertebrates did vary both by year and by month. 
Among average densities of insects by month, there was a generally increasing trend 
(Figure 4), but some families had spikes during certain months. For example, Corixidae 
had a high mean density in April, and it had a lower mean density in May with increases 
in June and July. Family Aeshnidae also has high average abundance in April, but it was 
only observed in three samples at two different wetlands in April. Limnephilidae had a 
spike in density in May, and high densities were observed at many wetlands during all 
three years. Finally, the family Phryganeidae showed a downward trend in density 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Annual variability was also apparent in my samples (Table 5). Results from the 
LMM model show that 2007 axis scores were different from both 2006 and 2005 but that 
the two earlier years were not significantly different from each other. However, there 
were only small changes in the mean invertebrate densities among the three years (Figure 
5). 
The three axes created in NMS for group Presence/Absence accounted for 77.7% 
of the variation in the data, and the variation was caused by similar factors to group 
AllAbundance. Again, substrate class was a significant source of the variation in the 
LMM on NMS axis 2 (p = 0.033), hydroperiod was significant on axis 1 (p < 0.001), and 
both month and year were also significant (Table 5). Month, like in the group 
AllAbundance, was significant on all three axes. Because group Presence/Absence had 
no abundance data, densities could not be evaluated. However, when I examined the 
39 
2005 2006 2007 
Year 
proportions of various families' feeding guilds to the total numbers of families collected 
between April and July, I found a clear increase in the proportion of predators between 
April and July (Figure 6). 
Figure 6. Proportions of insects collected in each feeding guild by month. 
In group Presence/Absence, buffer treatment contributed to a significant amount 
of the variation in the data on two axes (Axis 1, p = 0.017; Axis 2, p = 0.003). According 
to the LMM, the study sites with 30-meter buffers and 100-meter buffers had 
significantly different invertebrate composition than the reference wetlands (30-meters, p 
= 0.004; 100-meters, p = 0.008). Average family richnesses of the reference wetlands 
were noticeably smaller than those of the treatment sites (Figure 7). Grouping of sites by 
buffer can be seen in the NMS graph, particularly on axis 1 (Figure 8). However, buffer 
40 
treatment had no noticeable effect on proportions of feeding guilds in the samples (Figure 
9). 









































































































































































































































































































































































































































































































































Substrate class was a significant variable for groups Presence/Absence (p = 0.033) 
and AllAbundance (p = 0.026) on axis 2. According to the LMM analysis, substrate 
classes 2 and 4 were significantly different from classes 1 and 3. Class 4 wetlands had 
high percentages of leaf litter with comparatively little other vegetation within the pond. 
Class 2 wetlands had relatively low leaf litter coverage but high percentages of moss and 
algal growth (Appendix B). When average densities of invertebrates for group 
AllAbundance were compared among substrate classes, substrate class 2 and 4 wetlands 
had noticeably higher densities (Figure 10). 
NMS axis scores for group PredatorOnly accounted for 78.1% of the variation in 
the data. In group PredatorOnly, substrate was marginally significant on axis 2 (p = 
0.078). Year and month were significant factors, and percent canopy cover became 
marginally significant (p = 0.053). In this group, hydroperiod contributed to be a 
significant source of the variation of the linear mixed model on axis 1 (p = 0.000). 
Among the three groups of data analyzed for genus composition, AllAbundance, 
Presence/Absence, and PredatorOnly, the three NMS axes were created based on similar 
temporal and environmental factors. On axis 1, hydroperiod significantly contributed to 
the variation of the axis points in all three groups. Axis 1 also consistently had a 
significant time factor. However, the time factor changed somewhat from group to group 
(Table 5). On axis 2, substrate class and time were significant. Again, there was some 
variation, because substrate was not a statistically significant factor for the PredatorOnly 
group (p = 0.078). Additionally, buffer treatment was significant on both axis 1 and 2 for 
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46 
on axis three was due largely to time. No other factors were significant on axis 3, but 
wetland effect had a p-value of 0.093 for group Presence/Absence. 
Figure 12. Densities of 5 important predaceous families by hydroperiod (days). Densities are 
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Genus Richness, Diversity, and Evenness 
The average genus richness in the group AllAbundance was 7.1 with a maximum 
of 18 and a minimum of 1. In contrast with the species composition results, variation in 
richness was related almost exclusively to hydroperiod (p = 0.002). Figure 11 shows the 
linear relationship between richness and hydroperiod (p < 0.001, r2 = 0.397), and the 
densities of five predatory families increase with pool hydroperiod (Figure 12). 
Hydroperiod was also a significant source of variation in genus diversity in group 
AllAbundance. 
47 
In group PredatorOnly, richness results in the LMM were nearly identical to those 
of group AUAbundance. However, the genus diversity of both AllAbundance and 
PredatorOnly were significantly affected by percentage canopy cover as well as 
hydroperiod. Canopy cover has an inverse linear relationship (p = 0.002, r2 = 0.123) with 
average diversity at my study sites (Figure 13). Percentage canopy cover is also a 
significant source of the variation in the LMM for genus evenness (p = 0.028). Because 
genus diversity is an index based on the richness and evenness of a community, canopy 
cover's effect on evenness explains why canopy has a significant effect on diversity but 
not on richness. Substrate was a marginally significant factor in group AllAbundance 
and PredatorOnly (p = 0.081, p = 0.072 respectively). 
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In the group Presence/Absence, hydroperiod was still a significant source of 
variability in family richness. However, month was also significant and buffer treatment 
was marginally significant (p = 0.083). The fact that buffer treatment was also a 
significant factor in the species composition analysis of group Presence/Absence 
indicates that amount of forested upland habitat impacts the full assemblage collected at 




The primary goal of this study was to determine if forested buffers can ameliorate 
the effects of upland clearcutting on macroinvertebrates in vernal pools. Buffer treatment 
significantly affected invertebrate community structure in the group Presence/Absence. 
However, hydroperiod, substrate, canopy cover and temporal factors affected 
macro invertebrate composition, richness, evenness, and diversity more strongly than 
buffer treatment across the three insect groups I analyzed. 
Buffer Treatment Effects 
Results of both the NMS and species richness analyses for group 
Presence/Absence showed that macro invertebrate assemblages varied between reference 
sites and treatment sites, but there was little difference between the two treatments. 
Reference sites had lower average richness than sites with 30-meter and 100-meter 
buffers. These differences may have been caused by higher levels of sun exposure at 
treatment sites, which can increase primary productivity and therefore food resources for 
herbivorous macroinvertebrates (Fuchs et al. 2006). Average water temperatures also 
increase with sun exposure (Gomi et al. 2006), and pools with high water temperatures 
have high recruitment and colonization rates (Nilsson and Svensson 1995). High 
invertebrate richness at my treatment sites may also have been caused by upland habitat 
alteration. Species migrating through clearcuts can be drawn towards forested buffers to 
avoid wind exposure (Whitaker et al. 2000). 
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Examination of the full macro invertebrate assemblage is necessary to more 
completely understand changes caused by upland cutting. Buffer treatment affected the 
richness and composition of macroinvertebrate families in group Presence/Absence but 
not AllAbundance or PredatorOnly. With only 46.7% predators, Presence/Absence 
represented non-predatory taxa proportions most accurately. However, AllAbundance 
and PredatorOnly contained high proportions of predatory invertebrates (64.7% and 
100% respectively). The selection of families to include in AllAbundance was based on 
size, and because predatory species in vernal pools are often larger than their prey 
(Toledo 2007), this subsection of the specimens contained a high proportion of predators. 
Because only group Presence/Absence was significantly affected by buffer 
treatment, 1 expected that buffer treatment influenced the taxonomic composition of non-
predaceous species. However, I observed no visible differences in trophic group 
proportions between the reference sites, 30-meter buffer sites, and 100-meter buffer sites. 
Previous studies exploring the impacts of upland logging near wetlands and streams 
found that logging primarily affected Chironomidae and Ephemeroptera (Kiffhey et al. 
2003), which were exclusively in my Presence/Absence group. Also, only 
Presence/Absence contained many of the shredders and scrapers, whose abundances can 
be altered for as many as 16 years after a stream clearcut (Stone and Wallace 1998). 
Environmental Effects 
Hydroperiod, substrate, and percent canopy cover all influenced 
macro invertebrates in groups AllAbundance, PredatorOnly and Presence/Absence. 
However, pH and conductivity were insignificant and removed from the analysis. 
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Individual insects can show remarkable tolerance to acidities much lower than at my 
sample sites (Rowe et al. 1994; Gorham and Vodopich 1992). In this study, pH variation 
among pools was low, and insect assemblages are often unaffected by even large 
variations in pH (Brooks et al. 2002). 
Vernal pool basin size was also insignificant. Invertebrate richness can vary with 
maximum surface area (Brooks 2000; Angeler and Alvarez-Cabelas 2005), but more 
importantly, invertebrate composition changes with surface area over the course of a year 
(Williams 1996). I expect that if I had tracked surface area throughout the year, 
proportional predator abundance would have increased as area decreased. 
Canopy cover. Canopy cover was generally non-significant in LMM models, but 
it explained a significant portion of the variance for evenness in AllAbundance and 
PredatorOnly. Diversity and evenness increased as percent canopy cover decreased, but 
canopy never affected richness or composition. High percent canopy cover is associated 
with low water temperature (Gomi et al. 2006). Both water and temperature and sun 
exposure can affect the rates of colonization (Binckley and Resetartis 2007; Nilsson and 
Svensson 1995), and therefore abundances of macro invertebrates (Rubbo et al. 2006b). 
However, the exact mechanism by which canopy decreases evenness is unknown. In old-
growth coniferous forests, cover was associated with increased macroinvertebrate 
evenness in Pacific Northwest streams (Anderson 1992), but no studies have explored the 
effects of canopy cover on macroinvertebrate evenness in vernal pools. 
Substrate. Substrate contributed to the variation of invertebrate composition for 
groups AllAbundance, Presence/Absence, and marginally for PredatorOnly. Substrate 
categories were largely defined by the percentage of the pool basin covered by leaf litter 
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(See Appendix B), which provides food resources for many invertebrates. Large amounts 
of detritus in vernal pools lead to increased decomposition and low levels of dissolved 
oxygen (Batzer and Wissinger 1996). If macro invertebrates in my study were intolerant 
to low oxygen levels, 1 would have expected to see low densities in the Category 4 
substrate pools, which had high percentages of leaf litter in their substrates. Instead, 
Category 4 substrate pools had visibly higher average insect abundances than Categories 
1 or 3, and they had similar average densities to Category 2 wetlands. 
Category 4 pools all had short hydroperiods (i.e. 78 and 92 days) and high 
percentages of leaf litter, so high macroinvertebrate densities may have been a result of 
abundant food resources or a lack of predators. Although detritus is an important food 
source for many vernal pool insects, predators are often the limiting factor (Batzer and 
Wissinger 1996). The most voracious, top-level predators are generalists and do not have 
specialized desiccation-resistance strategies, and they were observed in lower abundances 
at Category 4 pools. As a result, short-hydroperiod specialized taxa, such as Limnephilus 
spp. occurred in high densities in Category 4 pools. 
A different interaction between hydroperiod and predator abundance may explain 
the high densities of invertebrates in Category 2 pools. They did not have short 
hydroperiods (neither pool dried in 2005), so their high densities of macro invertebrates 
could not be explained by predator exclusion. In fact, the two taxa with the highest 
average density in Category 2 pools were Libellulidae (3.23 individuals/sweep) and 
Aeshnidae (1.14 individuals/sweep). 
Hydroperiod may explain high invertebrate densities at Category 2 pools, because 
semi-permanent pools support greater populations of generalist predators (Wellborn et al. 
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1996; Higgins and Merritt 1999). However, food resources may be important, too. One 
distinguishing characteristic of the two wetlands in Category 2 is their comparatively 
high percentage of moss (32-53% of substrate cover), which provides and food and cover 
to invertebrate prey species. Wetland 20, one of the Category 2 wetlands, also supports 
high algal growth, which can be a limiting food source in temporary ponds (Batzer and 
Wissinger 1996). 
Hydroperiod. Hydroperiod significantly affected the composition, richness, 
diversity and evenness of macro invertebrates in groups AllAbundance, PredatorOnly and 
Presence/Absence. It was the only significant predictor of richness in groups 
AllAbundance and PredatorOnly, and genus richness in the group AllAbundance 
increased with hydroperiod. Previous research showed species richness and diversity in 
vernal pools increased with hydroperiod (Tarr et al. 2005; Brooks 2000). Taxa lacking 
specific mechanisms to tolerate desiccation are generally excluded from short -
hydroperiod pools, but can occur in longer-hydroperiod pools. Many important vernal 
pool predators (e.g. Aeshnidae, Libellulidae, Dytiscidae, Gerridae, and Belostomatidae) 
cannot tolerate desiccation, and thus only breed opportunistically in long-hydroperiod 
vernal pools (Colburn 2004). 
Temporal Effects 
In general, temporal changes are overlooked as sources of variation in vernal 
pools. Seasonal progressions of insect assemblages have been seen in other studies 
(Higgins and Merritt 1999; Culioli et al. 2006; Miller et al. 2008), and annual 
precipitation and temperature can change the conditions in a temporary pool from year to 
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year. Month and year were important for determining species composition in 
AllAbundance, Presence Absence, and PredatorOnly. Over the course of a breeding 
season, genera compositions changed, but as different taxa entered and exited, species 
richness, diversity and evenness did not change significantly. Predaceous 
macro invertebrate abundances can increase over the course of the breeding season, 
because they overwinter in permanent habitats and migrate to vernal pools throughout the 
spring and summer (Higgins and Merritt 1999). Over the four months analyzed in my 
LMMs, many families showed a progressive increase in average density. There were 
some families, however, that showed spikes in certain months that can be explained by 
their life histories and the characteristics of the pools in which they were collected. 
Family Aeshnidae had high average abundance in April, but this family was only 
observed in three samples at two different wetlands in April. Both wetlands had not dried 
at all the previous year, and predator species abundance can increase between years in 
continuously inundated pools, particularly in taxa with larvae that can take more than one 
year to emerge (Batzer and Wissinger 1996). 
High densities of Limnephilidae were observed in May at many wetlands, during 
all three years. Genus Limnephilus, the most commonly observed taxa within this 
family, is specially adapted to live in pools with short hydroperiods (Colburn 2004). The 
family's average density may have decreased after May, because the sites with the high 
density populations had dried by the end of June. 
Average densities of Phryganeidae decreased from April to July. In July, 
Phryganeidae were only collected from one sample site. This decreasing trend may be 
explained by the oviposition and larval ecology of this family. Both Banksiola and 
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Ptilostomis adults oviposit in the dry basins of temporary pools, and larvae appear in 
these pools when they fill with water (Colburn 2004; Wiggins 1998). Because no time 
was needed for egg gestation or adult migration in the spring, larvae in my study sites 
could have appeared immediately after snowmelt in the spring. As larvae emerged from 
pools, densities could have decreased. 
Between-year differences in temperature and precipitation also affected 
composition in the groups AllAbundance, Presence/Absence, and PredatorOnly. These 
differences were largely between 2007 and the other two years, but average densities in 
group AllAbundance were only slightly lower in 2007 than they were in 2005-2006. 
Because invertebrate density increased each year over the course of the breeding season, 
invertebrate densities were high for June and July in 2005-2006. A dry winter and a 
spring and summer in drought conditions in 2007 caused many sites to dry during the 
months of June and July, likely decreasing the overall average densities for the year. 
Because the 2007 drought affected densities but did not noticeably impact the number of 
genera present, the variable year was not a significant source of variation in the species 
richness and diversity LMM analyses. 
Effects on Amphibians 
Amphibians such as the wood frog {Lithobates sylvatica) and the spotted 
salamander (Ambystoma maculatum) depend on vernal pools for breeding habitat 
(Colburn 2004). Because their larvae are important prey for macroinvertebrates in vernal 
pools, their populations may be affected by the invertebrate composition. Hydroperiod 
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and upland cutting that affect predatory invertebrate populations can also impact 
amphibians. 
Hydroperiod. Hydroperiod may have an important mediating effect on insect 
trophic relationships with vernal pool amphibians. Long hydroperiod pools in this study 
supported high predator richness, and also explained a significant portion of the variance 
in predator composition. In addition, average densities and ratios of predatory to non-
predatory insect taxa increased as the breeding season progressed. These results suggest 
that predation pressure on amphibian tadpoles in long hydroperiod pools would be higher 
than in short-hydroperiod pools. 
The family Aeshnidae had high early-spring abundance after overwintering in 
semi-permanent pools. Wood frog {Lithobates sylvatica) tadpoles are most vulnerable in 
the spring when they are small (Colburn 2004; Tejedo 1993; Travis et al. 1985; 
Formanowicz 1986; Caldwell et al. 1980), so the presence of voracious predators that 
early may impact their rates of survival. Wood frogs benefit from breeding in long-
hydroperiod vernal pools, however, because the longer development period allows them 
to metamorphose at larger sizes (Colburn 2004). Invertebrates may affect salamander 
larvae less than wood frog larvae. Spotted salamanders (Ambystoma maculatum) require 
longer hydroperiod pools, because their larval stage lasts into the late summer (Colburn 
2004). Spotted salamander larvae sometimes even overwinter in semi-permanent pools 
(Colburn 2004). These salamanders can successfully breed in long hydroperiod pools 
with high densities of predaceous macroinvertebrates, because their larvae are also 
efficient predators. After they reach a certain size, salamander larvae will prey upon the 
most voracious of insect predators (Colburn 2004). 
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Short-hydroperiod pools in this study lacked many of the generalist voracious 
predators, but had very high average densities of Limnephilidae and Phryganeidae 
caddisflies during the spring. Wood frogs in short-hydroperiod vernal pools may be most 
vulnerable to insect predation during the embryonic stage. Phryganeid caddisflies in 
particular can cause significant mortality in wood frog egg masses (Rowe 1994). 
Forestry Effects. Forestry practices may affect invertebrate compositions and 
thus indirectly change amphibian populations. Macroinvertebrate richness and 
composition differed significantly between our clearcut/buffer treatments and our 
reference sites. However, these buffer treatment effects were only significant on 
invertebrate assemblages including non-predaceous families, which serve as a prey base 
for amphibian larvae (Colburn 2004). Therefore, upland cutting may primarily affect 
amphibians by changing food availability rather than predation pressure. 
Recom mendations 
The logistics of field studies often necessitate lower than optimal sample sizes and 
shorter than ideal study durations. A couple of shortcomings, which if corrected in future 
studies, could further clarify the results of this study. First, the reference sites, which had 
different genus compositions than the buffer treatments, make up the smallest sample in 
this study (n = 2). In addition, water chemistry measurements were averaged for each 
year, potentially lowering the power of the measurements. Sampling dissolved oxygen 
could also have helped clarify the mechanisms driving the effects of substrate and 
hydroperiod on invertebrates. Finally, the hypothesis that canopy cover and upland 
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cutting affect invertebrates by changing sun exposure could be tested in future studies 
with monthly temperature measurements. 
To more thoroughly understand the impacts of upland logging and the mitigating 
effects of forested buffers, sampling methods in future studies should be developed to 
adequately identify and quantify entire assemblages of macro invertebrates within 
temporary forested pools. Densities of non-predaceous species should be compared 
between vernal pools with upland cutting and reference pools. In addition, long-term 
research should evaluate the impacts of upland forestry. If buffer treatment effects have 
an impact on non-predaceous species one to three years after clearcutting, the effects 
could change assemblages of predaceous insect species in future years. 
Management Implications 
Proper management of vernal pools with respect to macro invertebrate populations 
requires accurate information on the main factors driving their composition. Knowing 
the variables affecting predaceous species can also assist in the management of 
amphibian breeding populations. The results of this study indicate that the hydroperiod, 
substrate, and percent canopy cover of vernal pools affect macro invertebrate populations. 
Upland forest cutting, even after leaving a 30-100 meter forested buffer, can 
affect the composition and richness of non-predacious invertebrate species. Finally, 
temporal factors including the annual precipitation, annual temperature and the time of 
year affect the composition of invertebrates in a vernal pool at a given time. Before 
attempting manipulations to vernal pools that affect these factors, the potential effects on 
invertebrates and therefore amphibian populations should be carefully considered. 
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